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Chapter 5. TASK AND DOMAIN:  
THE MILL PLANNING DOMAIN 
5.1. Introduction 
The mill planning and scheduling domain describes the entities that are often manipu-
lated by production planners. In order to gain insight into the important entities, we 
held ‘thinking-aloud sessions’ with the production planners. The outcomes are ver-
bally presented. We use three methods based on the verbal reports: groundedness, 
density, and domain view. A definition of the result of these methods is given in the 
sections below. The methods are complementary. If we combine the interpretations of 
these three results we have a complete overview of the important entities and the 
relations between them.  
After the first stage (uncovering the important entities within the domain and 
identifying relationships) we developed a consistent and hierarchical framework 
based on an object-oriented design. This is a logical method because:  
• In our opinion, the production planners should refer to the objects that play a 
dominant role without any control from the researcher. This means that they 
were not guided towards a particular structure or result. The verbal reports 
therefore use frequently mentioned codes that reflect all-important codes and 
their associated properties in an unbiased way. The description of the domain 
thus reflects the vision of the production planners.  
• This method is also more appropriate to the thread of the dissertation. We 
begin the analysis using a top-down approach by first analyzing the logistics. 
Then we continue by systematically describing all the relevant planning 
tasks, both from mill and converting planning tasks. The verbal reports have 
been recorded from the production planners, so there is already greater focus 
on mill planning. Based on the notions mentioned by the production planners, 
we construct a hierarchical and consistent framework for all relevant objects 
within the mill-planning domain. The converting planning is only considered 
when it influences the mill planning and scheduling. 
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We begin this chapter with an analysis of domain concepts, using the three ap-





5.2. Data analysis of domain concepts 
The data source that has been used is the ‘verbal report’. The verbal reports are the 
outcome of the thinking-aloud sessions with the production planners from the mill-
planning department. For a detailed discussion about the methodology of the think-
ing-aloud approach we refer to Section 3.2.1. 
The data was analyzed using the Atlas/TI computer program. Atlas/TI is a 
software tool inspired by Grounded Theory. This does not mean that it can only be 
used to develop a grounded theory; it is simply a tool for analyzing qualitative data.  
We use two types of reference in the verbal reports: quotations and codes. A 
quotation refers to a marked text within the verbal report, while a code refers to the 
label that has been assigned to the quotation. A code generally denotes an object, 
property, event, or action.  
The framework has been extended with codes that do not correspond to a 
quotation in the verbal reports, but represent some (hierarchical) relation with codes 
that are directly relate to quotations in the verbal report. For example, the production 
planner may refer to restrictions on a cardboard machine. At a higher level we may 
refer to restrictions. There is also a relationship between restrictions and restrictions 
on cardboard machine. However, the text of the primary document does not refer to 
restrictions. A quotation is unique and refers to only one marked text, while a code 
can refer either to several quotations or none at all .If a code does not refer to a quota-
tion, it means that the code does not refer to a literal text in the primary documents; 
the code has been introduced in order to understand the planning system as a whole. 
The objective of the analysis is to explore the structure linking the codes; for exam-
ple: relevant relationships that have been used in a particular subtask. The structure 
follows from relationships between codes; not from the codes themselves. 
 
First we shall summarize the characteristics of the verbal reports. We held four think-
ing-aloud sessions with four production planners. We therefore have a total of 4 pri-
mary documents, which contain 240 codes, 602 codings and 314 code-code links.  
 
Table 4 shows the differences between the individual production planners with re-
spect to the number of quotations and the number of codes in the verbal report. We 
also present our conclusions about the experience of the individual production plan-
ners. 
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Table 4: Individual differences between planners 
Person # of quotations # of codes Experience 
P1 172 90 ++ 
P2 131 76 ++ 
P3 112 58 ++ 
P4 92 53 + 
 
Table 4 shows clear distinctions between the number of quotations, the number of 
codes, and experience. The table suggests a relation between the number of quotations 
or codes and the planners’ experience, although the relationship is not a very strong 
one. Production planners P1, P2 and P3 have more than 15 years of planning and 
scheduling experience, while P4 just had 1 year’s planning and scheduling experience 
at the time of the verbal report.  
 
Grounded theory (GT) has not been applied literally, but used are some common 
results that have been developed within the GT framework. The first result, the 
groundedness, shows how often a particular code is used in the verbal data. There-
fore, if we have a code restriction on cardboard machine, the groundedness indicates 
how often that code is referred to in the primary documents.  
The second result, the density, shows the number of relationships of a code. It 
does not consider the type of relationship, but only the number of relations that exist 
between the code in question and other codes. If a code has a high density, it has 
many relationships with other codes. We therefore assume that a code with high den-
sity is important because it explains many elements and relationships within the do-
main. For example, density counts the number of relationships that have been as-
signed to the code restrictions on cardboard machine. 
In addition to these two results, we use another approach: the domain view. 
The domain view describes an ontology of important objects at the highest level of 
abstraction. All events, properties, and actions that have been noticed in codes are 
derived from this restricted set of abstract objects. The main purpose of the domain 
view is to construct an objective framework that does not depend on the specific sec-
tor characteristics. The independence only exists at the highest abstraction level; 
lower abstraction levels describe sector-specific issues. 
 
With respect to the groundedness we can draw the following picture. In the case un-
der consideration, the codes with the highest groundedness are: (1) telephone, (2) 
strategy, (3) delivery time, (4) deckle bench, (5) pallet need, and (6) sequence of the 
calipers. 
 
Table 5 shows the groundedness and the density of the codes with the highest ground-
edness. 
 
 Page 96 
Table 5: Groundedness and density of codes with highest groundedness 
ID Code Groundedness Density 
1 Telephone 29 1 
2 Strategy 25 2 
3 Delivery time 20 11 
4 Deckle bench 17 3 
5 Pallet need 14 6 
6 Sequence of the calipers 12 4 
 
The code labeled telephone indicates activities, whereby the planner requests or gives 
information by telephone. The second code label, strategy , indicates that a specific 
plan is used to achieve something. In this context, the planner uses a strategy in a 
given situation to solve a planning problem. The optimization of the deckle bench is 
the main objective in the fine planning, together with delivery times. Pallet need is 
more a derivative from the fine planning, although transportation restrictions are im-
portant at this stage. The last code cited here, sequence of the calipers, indicates the 
problem of determining the correct sequence of calipers, such that the setup times are 
acceptable and the due dates for the individual orders within a run are met. It should 
be noted that the codes play on different aggregation levels. This is just a conse-
quence of the method, irrespective of the hierarchy within the domain. 
 
In general,  shows an asymmetric relationship between groundedness and 
density; codes with a high groundedness have a low density. Telephone and strategy 
in particular have low densities. On the other hand, delivery time and pallet need 
show high values for both results. These two elements have been identified as key 
elements in the planning and scheduling domain. 
Table 5
 
Having presented the codes with high groundedness, we continue the analysis with 
the high density. The codes with highest density in our analysis are: (1) task, (2) pro-
duction plan, (3) order, (4) restriction planning, (5) delivery time, (6) product quality, 
(7) pallet, (8) run, and (9) restriction.  shows the groundedness and density of 
the highest-density codes. 
Table 6
Table 6: Groundedness and density of highest-density codes  
ID Code Groundedness Density 
1 Task 5 22 
2 Production plan 0 21 
3 Order 0 18 
4 Restriction planning 4 17 
5 Delivery time 20 11 
6 Product quality 0 10 
7 Pallet 0 10 
8 Run 3 9 
9 Restriction 0 9 
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Most of these codes can be considered as codes at the beginning or end of a chain of 
relationships. The task is related to the stages the planner performs in the various 
types of planning. The production plan code covers all the activities, stages, and re-
strictions that are important in developing a feasible production plan. Order covers 
everything that is related to a customer order. Restriction planning shows all restric-
tions that are valid in the domain, as well as associations with codes that have a sig-
nificant influence on the restrictions in the planning domain. Delivery time is one of 
the objectives in the planning to be met as specified. Product quality is a property of 
the product Cabofa produces. At first sight, it seems strange to include this code here. 
The code denotes occasions on which the product quality was unsatisfactory for the 
original customer, and which may have implications for planning  (replanning, etc.). 
The pallet code indicates all relationships with respect to the size/ number of pallets 
needed to produce the correct quantities for a particular order. The run code is more 
or less a connection between other codes such as machine, product, and order. The 
restrictions show all types of restrictions that are important either in the planning 
itself, or restricting due to attributes of products or machines. It should be noted that 
the restrictions planning code mentioned above is part of the restrictions code (see 
). Figure 38
 
The remarks relating to groundedness also apply to density.  shows the reverse 
relationships between groundedness and density. Nor are the aggregation levels the 
same level in this view. Some codes have a groundedness of zero, which means that, 
during the coding process, they have not been assigned to a particular quotation in a 
verbal report. This does not mean that the production planners did not mention them. 
For example: order, production plan, and pallet are not mentioned literally in the 
verbal report, but these elements belong to the core planning tasks. In order to con-
struct a production plan, orders will be assigned to it. Ultimately, the pallet need is 
determined, and the pallets are ordered. This issue will be discussed in more detail in 




The last approach used is the domain view. Within the domain view we use the fol-
lowing entities: (1) customer, (2) order, (3) machine, (4) task, (5) inventory, (6) prod-
uct, and (7) time. Table 7 shows the groundedness and density of codes in the domain 
view. 
 
Table 7: Groundedness and density of codes in the domain view 
ID Code Groundedness Density 
1 Customer 0 3 
2 Order 0 18 
3 Machine 0 7 
4 Task 5 22 
5 Inventory 6 6 
6 Product 0 6 
7 Time 0 5 
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The code customer denotes all activities and products that in some way relate to the 
party that requires the order. The order code covers all activities and properties of the 
product demanded in such a way that it can be manufactured on a production ma-
chine. The code machine denotes all events and properties that restrict the production 
to a small range of products with corresponding throughput times. The code product 
denotes all physical properties of the entities demanded. Task relates to the stages the 
planner follows in the various types of planning. Inventory denotes the quantity of 
products that has not been assigned to a customer. Finally, time denotes all activities 
whereby the product becomes available to the customer on a particular date. The ma-
jority of domain view codes have a groundedness of zero. Only task and inventory 
have been mentioned. Other objects are more abstract, whereas planners generally use 
objects that are at a lower hierarchical level. 
 
Table 6 and  both show some codes with groundedness equal to zero. This 
does not mean that the production planners have not mentioned these aspects. To 
support this statement,  shows the word frequencies of the codes with zero 
groundedness. The original verbal reports are in the Dutch language, but the descrip-
tions have been given a ‘transparent’ translation in English.  
Table 7
Table 8
Table 8: Word frequencies in the verbal reports of codes with zero groundedness 
 
P1 P2 P3 P4 Description 
# % # % # % # % 
Production plan 4 0,04 1 0,01 1 0,01 1 0,01 
Order 57 0,55 26 0,45 81 1,02 17 0,31 
Product quality 0 0 0 0 0 0 0 0 
Pallet 7 0,08 62 1,07 10 0,13 23 0,43 
Run 13 0,14 2 0,02 1 0,01 3 0,04 
Restriction 0 0 1 0,01 0 0 1 0,01 
Customer 2 0,02 11 0,18 3 0,03 5 0,09 
Machine 38 0,44 23 0,37 26 0,34 15 0,27 
Task 0 0 0 0 0 0 0 0 
Inventory 7 0,08 1 0,01 12 0,15 1 0,01 
Product 4 0,04 1 0,01 1 0,01 2 0,03 




 presents the results of the word frequencies for each individual planner. The 
left-hand column (#) of each column pair denotes the number of times a description is 
mentioned, and the second (right-hand) column (%) shows the percentage of the code 
in relation to all the distinct words in a primary document. For example, P1 mentioned 
the word order 57 times, which corresponds to 0,55% of all the words spoken by him 
during the thinking aloud session. The figure refers to the actual words spoken, not to 
the meaning of the words. On the basis of the results in , we can conclude that, 
with the exception of  product quality and task, the codes were mentioned by all pro-
duction planners. As we will argue below, product quality is associated with the rejec-
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tion of specific pallets of finished products. The actual words product quality were 
not used by the planners, but their associated meaning is used. Task is a different 
case: it is one of the core elements in the ontology of the domain view. It therefore 
has a prominent role within the tree of tasks and subtasks, but it is not mentioned in 
the verbal reports. 
In general, we can conclude that all codes have a meaning that can be derived 
from the verbal reports.  
 
We have gained an impression of which codes are important in the planning and 
scheduling domain using groundedness, density, and ontology of the domain as results 
in the analysis.  
Codes with a high groundedness have a high code frequency in the verbal re-
ports, whereas a high density denotes codes with a high relationship frequency. The 
theoretical framework that has been developed uses the codes assigned to marked text 
in the verbal reports. The domain view provides a coherent framework that should fit 
all codes.  
 
Note that we use all verbal reports to find the results. Individual differences have not 
been considered, because it was our aim to develop a uniform and consistent frame-
work. Differences can particularly be found in the processes and the task execution, 
not in the domain. 
 
These three results focus only on separate subsets within the whole theoretical 
framework. By combining these views it is possible to obtain a complete picture of 
the planning and scheduling domain. Sections 5.2.1, 5.2.2, and 5.2.3 discuss these 
different approaches in more detail. It would seem logical to begin the analysis with 
the domain view because this approach provides an overall structural view of the 
entities within the domain. However, in our opinion this approach places too much 
emphasis on ontology. Other approaches show less bias with respect to verbalization 
by the production planners. In other words, the groundedness and density remain 
closer to the literal text spoken by the production planners. We will therefore begin 
the analysis with the codes that have a high groundedness and high density, and con-
clude it with the domain view.  
 
 
5.2.1. Codes with high groundedness 
This section emphasizes the analysis of codes with a high groundedness. As a re-
minder, the codes with the highest groundedness are: (1) telephone, (2) strategy, (3) 
delivery time, (4) deckle bench, (5) pallet need, and (6) sequence of the calipers. We 
will describe the entitities that are closely related to the codes that have the highest 
groundedness, beginning with the telephone code. 
 
1. Telephone 
In section 5.2 we have shown that telephone has the highest groundedness, which 
means that, in the verbal reports, it has been coded more often than other codes. How-
ever, from a theoretical point of view, this is not an impressive code. It simply indi-
 cates that the telephone has been used on a frequent basis to obtain or provide infor-
mation.  shows the codes relating to telephone. The definitions of the sym-
bols used in the figures below are given in the appendix. 
Figure 29




As we may expect, the telephone-code relates to a task performed by the production . 
The activity ‘telephoning’ can be seen as a subtask with the purpose of obtaining or 
providing additional information. Information is associated with three subtasks: order 
the data, make a survey, and collect (new) information. A way to organize data is to 
sort it.  
 
Information transfer requires two parties: the party providing the information and the 
party demanding it. The figure shows the relationship between the telephone code and 
other codes. From the picture it is evident that the code itself is not very important 
because it simply refers to providing or obtaining information. However, the produc-
tion planner plays an important role in Cabofa’s information network. Although it is 
important to note the importance of the production planner’s role in this, the other 
codes we have already discussed in general terms are more important with regard to 
exploring important aspects within the planning and scheduling domain.  
 
2. Strategy 
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Figure 30: Codes related to strategy 
 
A strategy is a set of plans intended to achieve something. In the context of the plan-
ning and scheduling domain at the mill-planning department, we shall consider two 
types of strategy: strategies for constructing a feasible plan (rough or fine) and strate-
gies that satisfy the goals from the management perspective. These types of strategy 
operate on two different levels, as we have shown in  
 
Example 1 of Chapter 2 (page 8).  
The management strategy, for example, deals with the level of purchasing inventories 
of lining paper. This aspect has been noted in the verbal reports. For our purpose, this 
type of planning is not particularly relevant for further analysis because it does not 
involve the planning practices at an operational level, although it certainly imposes 
additional constraints. 
 
Strategies for formulating a plan are based on a problem-oriented approach, a rule of 
thumb such as most restrictive constraint first, the activity go through the orders, and 
a pattern recognition structure. This analysis is restricted to the aspects described, 
which have been noted in the verbal reports. A problem-oriented approach means 
that, from the first stage, the planner determines his strategy for dealing with prob-
lems and formulating the production plan. This is related to the activity of going 
through orders to obtain an overview of the difficulties in a given set in question. The 
planner scans all orders for the delivery date, dimensions and quantity demanded. 
 
A commonly used approach is to solve the most restrictive constraint first. Identify-
ing the most restrictive constraint depends on the situation at a given moment. In 
 general, this is related to the dimensions of a customer order. Some orders are diffi-
cult to combine on the cardboard machine resulting in a high level of waste, denoted 
by high trim loss. Pattern recognition can be used to determine which types of order 
cause problems in formulating the production plan. 
This means that, by ‘learning on the job’, the production planner gains more experi-
ence in assessing which orders are difficult to combine. The planner has in his mind a 
matrix based on orders that are difficult or easy to plan. The planner’s experience will 
tell him whether or not a particular order is difficult to plan. This concept is refined in 
the flow diagram shown in  
 on page 70. 
Sequence searching in inventory is a strategy for checking whether it is pos-
sible to deliver an order or set of orders from stock. Strategy is therefore a frequently 
used code in the planning and scheduling domain. It is a foundation for actions that 
are performed in order to achieve a particular result. 
 
3. Delivery time 
In addition to deckle bench, delivery time is also mentioned frequently. Delivery time 
determines delivery performance, which is noted by customers. Bad performance may 
result in lost customers and ultimately in a decrease in company profits.  
shows the codes that are related to delivery time. 
Figure 31




Delivery time is a key element in the planning process. The codes relating to it are 
shown in the figure above. We shall now discuss the meanings of the codes. 
 
Delivery time is a particular type of time. Time is one of the core objects that will be 
discussed in the domain view in section 5.2.3. Whereas the delivery time is the offi-
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 cially agreed date on which the product is to be ready for the customer, the company 
normally uses an internal delivery time, which is somewhat narrower. In this way the 
company creates ‘slack’ that allows it to meet targets. Once the official delivery time 
has been specified,  the internal delivery times can be set. The load date is the date on 
which the product should be ready in the warehouse for dispatch to the customer. 
 
Delivery time is clearly related to an order. A customer requires a particular quantity 
of product to be delivered on a specified date; in this sense, every order needs a deliv-
ery time. The agreed delivery time determines four types of planning weeks. The first 
type, the planning week, is the week when the associated order should be planned. 
The second type, production week, is the week during which the order should be 
manufactured at the mill department. The third type, converting week, shows the 
week on which the order should be processed in the converting department if it is a 
small format order. Finally, the fourth type, the delivery week, shows the week in 
which the order should be delivered to the customer. 
 
The go trough orders-code has been described above. It is part of the production-plan 
formulation stage. In order to assess the individual orders in this context, information 
is required about delivery times and throughput times on the machines .  
The throughput time is the time that required to manufacture an order on the manufac-
turing machine. In this sense it is part of the delivery time.  
 
Delivery time is therefore a frequently mentioned code that has relationships with 
many other codes. It is also one of the key elements assessed during the drawing-up 
of the production plan. 
 
4. Deckle bench 
Figure 32
Figure 32: Codes related to deckle bench 
 shows an objective that is frequently mentioned by the production planners 
at the fine planning stage: the deckle bench. This term refers to the effective utiliza-
tion of the machine width: deckle bench + trim loss = machine width. A planner’s 
main objective is to reduce the trim loss on the cardboard machine, as long as the 





Deckle bench is closely related to the planning width of a cardboard machine, or pa-
per machine. The machine width is the physical width, whereas the planning width 
denotes the width that is available for producing the cardboard. The length that repre-
sents the difference between planning width and machine width cannot be used for 
quality reasons. 
The number of feasible options for a machine increases or decreases in pro-
portion to the planning width. Options refer to the number of orders that can be com-
bined. Planning width and deckle bench are important parameters in the restrictions 
on the paper and cardboard machine. 
Other restrictions must also be taken into account for the manufacturing ma-
chines. These restrictions are not incorporated in this approach. 
 
5. Pallet need 
The next code with a high groundedness is pallet need, which denotes the number of 
pallets required to hold all the sheets of a customer order.  shows all the 
codes related to pallet need. 
Figure 33
Figure 33: Codes related to the pallet need 
 
Determining the pallet need is the final task performed after the fine plan has been 
formulated. In order to determine the pallet need, the following information is re-
quired: 
• Order quantity; 
• Pallet height; and 
• Number of strokes. 
The number of strokes refers to the number of sheets that run side-by–side, and de-
termines pallet need to a large extent. Thus, if the number of strokes is 3, the pallet 
need should be a multiple of 3. The pallet format depends on the dimensions of the 
order. Internal as well as external pallets may be required. Pallet need can be consid-
ered as a property of order. The customer may specify several conditions with respect 




 Determining pallet need is therefore the final stage in the planning process. When this 
has been done, the production plan is passed to the production department. 
 
6. Caliper sequence 
The caliper sequence is frequently mentioned at the fine planning stage.  
shows the related codes. 
Figure 34
Figure 34: Codes related to the sequence of calipers 
 
 
Determining the sequence of calipers is an activity that, strictly speaking, belongs 
neither to the rough, nor the fine plan; it is an intermediate level between these two 
planning stages. The fine and rough planning stages have been discussed above. 
In practice, the code is more closely related to the rough plan. At the rough plan level 
an initial sequence have been determined, so in that sense the sequence of calipers 
belongs to the rough planning stage. In order to formulate an initial sequence, particu-
lar activities must be performed. Such activities are labeled determining sequence of 
calipers. The verbal reports contain examples of how the planners perform these ac-
tivities. Determining the sequence depends to a large extent on the delivery time for 
the individual orders and the (theoretical) throughput times on a production machine. 
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Another frequently mentioned property of a machine that guides this sequence is 
production capacity. The current order book and an initial caliper sequence on the 
production machine provide the available production capacity, therefore a production 
quantity that is feasible within a given time window. 
 
When the rough plan is drawn up, the production cycle is also taken into account. The 
production cycle simply denotes the sequence in which the classes of product are to 
be manufactured within a given time window. For example: in week a, product class I 
is produced; week a+1 product class II and in week a+2 product class I again. At 
Cabofa the product cycle is not formalized; at Specabo it is a constraint that guides 
the planning process. 
The difference between production capacity and production quantity indi-
cates the slack that is theoretically available. All these entities influence the sequence 
of the calipers. 
The previous six figures show the codes with highest groundedness in the verbal 
reports. These codes give an overview of notions that are frequently mentioned in the 
planning and scheduling domain according to the planners, although it does not give a 
complete overview of the relationships between the codes. For this purpose the den-
sity is a more appropriate indicator. The next section discusses the relationships that 
exist between codes with a high density.  
 
 
5.2.2. Codes with high density 
The density indicates the number of relationships between a particular code and other 
codes. As mentioned above, it is not necessary for the code to be at the beginning or 
end of a chain of relations, although the density is generally higher at the beginning or 
end of a chain. In this section we will show the codes with the highest density in our 
theoretical framework based on the verbal reports. 
 
By way of reminder, the codes with highest density in our analysis are: (1) task, (2) 
production plan, (3) order, (4) restriction planning, (5) delivery time, (6) product 
quality, (7) pallet, (8) run, and (9) restriction. Note that restriction planning and re-
striction have been combined in one figure in order to present the relationships more 
clearly. The section describes the entities that are closely related to the codes with 
highest densities under consideration.  
 
1. Task 
The first code we consider with respect to density is task. The task denotes a particu-
lar activity that has been performed in order to produce a feasible production plan. 
 lists the relationships between this code and other codes. Figure 35
 
  
Figure 35: Codes related to task 
 
The codes in Figure 35 are closely related to the execution of a task. For a detailed 
description of the execution of a task we refer to Chapter 4.  
 
We make a distinction between codes that are associated with a task and codes that 
are part of a task. The codes restriction of the search space, task definition, sequence 
positions, and telephone are associated to the task; the other codes are part of the task. 
The telephone code has already been discussed in Section 5.2.1. Here we showed that 
it was a means of  providing/obtaining information. Task definition deals with the 
coordination of the tasks by the production planners. Thus, production planner A 
plans machine 1 and planner B plans machine 2. The sequence of the positions is 
related to the task, because it involves deciding whether to change to sequence while 
the production plan is being drawn up. Restriction of search space is related to the 
production planner’s experience , it directs the search to the relevant areas.  
 
Other subtasks belong to the task palette of the production planner. We consider the 
following: constructing a rough, or fine plan, give back order, coordination of sub-
tasks, morning discussion, change plan, calculate, change order data, provide infor-
mation, contract out to Specabo, overturn production plan, hand over internal deliv-
ery times, paper and cardboard machine planning, and determine sequence of the 
calipers. Most of these subtasks have already been discussed in previous figures. We 
will therefore discuss only a limited number of observed subtasks here. 
 
Give back order applies when the properties of an order are invalid. It is returned to 
the Commercial department. The morning discussion is a daily meeting between the 
planning and production department, designed to exchange information. If capacity is 
not available, Cabofa can contract out to Specabo, subject to the relevant restrictions. 
Thus, there is a whole spectrum of tasks and subtasks. Discussing the tasks them-
selves does not provide the information required; in that sense, this code does not 
provide much new information. 
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 2. Production plan 
The production plan code has the second-highest density.  depicts the relati-
onships to other codes. 
Figure 36




The production plan shows how sets of orders with similar properties are assigned to 
a particular production machine at a particular point in time. The cardboard factory 
uses two types of production plan: rough plans and fine plans. In a rough plan, the 
orders are assigned to the correct production week and an initial caliper sequence is 
determined. The fine plan shows the assignment in more detail. 
A production plan usually has a production week, i.e., the week in which the 
plan should be realized on the production machine. A production plan has several 
properties, and we have identified the following: 1. plan size, 2 serial number (the 
number that controls the sequence of the production plans), and 3. plan number (a 
unique number that identifies each production plan). These properties exist in both 
rough and fine plans.  
The production planners encounter the problem that, in particular production 
weeks, there are problem calipers, whereby the number of orders or the distribution 
of the orders is such that the company’s targets cannot be satisfactorily met. Possible 
solutions to such problems are discussed in Chapter 4, page 68-72. 
An existing production plan may become outdated because of disruptions to 
the production process or the arrival of urgent orders. In such cases, the planner will 
change the plan, postpone the plan, or overturn the plan. In case of external disrup-
tions the planner may decide to postpone a plan and return to it when the relevant 
conditions can be met. Another option is to partially overturn the production plan by 
postponing a particular set of positions within it and replanning them later. The least 
radical option is to modify the production plan itself. 
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The go through orders code has been discussed above. This is the strategy for 
scanner customer orders for same properties before drawing up the production plan . 
The shift position is used if the orders do not run in consecutive positions, for exam-
ple: suppose we have four orders, A, B, C, and D. The first position consists of order 
A and order B. Then order C runs against D. The third position uses order A and D. 
Now order A does not run consecutively. The production department prefers consecu-
tive positions, and where possible the production planners take steps to ensure conse-
cutiveness. This operator also comes into play when order quantities are small. The 
small position is then abandoned and the corresponding quantity transferred to an-
other position for the same order. Consequently, orders that run side-by-side produce 
more sheets than are demanded by the customer. 
 
If one of the following conditions holds true, the orders in the caliper are split. First, 
if the size of the quantity demanded in a caliper is too large, the planner splits the 
caliper so that production is divided between the beginning and end of a production 
week. Second, if the lining-paper inventory is a restriction, or part of the run requires 
external lining paper, the orders in the caliper are also split into two or more parts, 
which are called runs. The distribution over calipers code denotes the balance in the 
overall performance of a particular manufacturing machine and depends on the order 
book. If distribution is not in balance, the orders in the caliper can be split. A planner 
will shift orders, if the delivery date of a particular order means that it should be 
given priority. 
 
The code consequence of sequence shift is related to the distribution over calipers, 
shift position, and shift order. Shift actions have consequences that have been noted 
by the production planners. The week plan shows the effects of all production plans 
released in the corresponding week. The week plan aggregates the values and thus 
generates a production capacity and production quantity. The production plan deter-









The object order is part of the domain. The domain view is discussed in the following 
section. The order code is also one of the foundations in the object-oriented frame-
work presented in Section 5.3. As depicted in , the object has many proper-
ties, which will be described in order. 
 
  
Figure 37: Codes related to an order 
 
The order requires a delivery time specified by the customer. Because we consider 
time to be a different object, it is not a property of order. The property CM-6/Specabo 
indicates that a particular order can only be produced on a restricted number of ma-
chines, namely the CM-6 or machines at Specabo. This restriction applies to custom-
ers that have low tolerance boundaries for product properties such as smoothness. It is 
closely related to qualitative aspects. No green inner layer is a restriction that has 
implications for the (fine) planning. If the cardboard machine or paper machine at the 
Sand site produces ‘Green’, it will influence other machines because the water for the 
machines cannot be controlled independently. Some customer applications require 
that the inner layer is not green in color, which means that runs consisting of these 
orders must not affect other cardboard machines that manufacture ‘Green’. 
Delivery time is a basic variable that is agreed between customer and com-
pany. EAO indicates that an order requires special attention with respect to product 
characteristics. The format specifies the sheet dimensions. If converting is necessary, 
both an internal and external format must be specified. The internal format represents 
the large format that is used as input. 
The order status shows the progress of an order within the logistical process. 
This code therefore indicates whether a particular order has been accepted, planned, 
or produced, or whether it is ready for transportation. The order type indicates 
whether the delivery time is fixed, or whether parameter values have been specified. 
We consider the following order types: i.) order on delivery, ii.) order on call, and iii.) 
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unspecified order. The recipe number specifies the product type, the preferred ma-
chine, and the lining paper to be used.  
Pallet need is more or less a derivative of the fine planning stage, and is de-
termined among other things by order quantity. The order quantity specifies how 
much of a product is required. The minimal tonnage specifies the minimum size (in 
tonnes) that should be ordered. It is not profitable to manufacture the order below this 
value. However, certain ‘important’ customers are allowed to demand below that 
minimum because, taken in total, their orders are profitable. The minimal tonnage 
directly influences the order quantity. 
A run generally consists of several orders with the same recipe number and 
production week. It is an aggregate of order, machine, and product. The same table 
code is a restriction, which states that the order is placed on the same table. All card-
board machines at Cabofa have two tables. Orders placed on the same table should 
have the same cut-off length. As input, laminated cardboard requires lining paper; 
each order therefore has lining paper consumption. Pallets are also needed to hold the 
finished sheets. 
Finally, the order position is associated with an order. The distribution of or-
ders within a caliper determines the difficulty of the planning problem. The order 
position is directly related to the status of the order book. We also consider the action 
change order data. If the data is inconsistent, or the capacity on the production ma-
chines is too low, there is an incentive to change the order data in cooperation with 
the customer. 
Although it is possible to identify more relationships between order and other 
codes, we assume that the above relationships are the most important. Other relation-
ships can be constructed more or less indirectly using one of the codes discussed 
above. 
 
4. and 9. Restrictions  
The mill planning and scheduling department constructs a production plan in accor-
dance a set of restrictions.  shows a set of frequently mentioned restrictions.  Figure 38
 
Note that both restriction and restriction planning are dealt in this figure. By restric-
tion we mean the general set of restrictions considered within the whole production 
plant. By restriction planning we mean the operational restrictions that are taken into 
account in the mill planning and scheduling. We have identified eight classes of re-
striction: transport, machine, planning, mill department, Specabo, customer, convert-
ing department and product. Restrictions relating to transport may also have an im-
pact on restrictions in mill planning. The information from the verbal reports is pro-
vided by the mill planners, but some elements originate from other domains. The 
other classes have not been elaborated. 
  
Figure 38: Codes related to restrictions in the production and scheduling domain 
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For example, restrictions with respect to the product, the machine, and the converting 
department indicate only that they are related to the product, machine and converting 
respectively. The restrictions with respect to the mill department only consider the 
difference in net and gross production. By this we mean that a customer demands a 
particular quantity of cardboard. The net-gross restriction is the difference between 
the theoretical and the real output of a machine. It is created by disapproval and varia-
tions in quality.  
Specabo is the sister company that receives some subsets of outsourced or-
ders. A restriction at Specabo is the existence of the colorful week. This means that 
Specabo has a cyclical schedule of the grades to be produced, which means that 
Cabofa cannot contract out a set of orders if a particular grade runs in the production 
week. The label CM6/Specabo indicates the preferred machine (CM-6 or a machine at 
Specabo) for a limited number of customers. 
The customer sometimes specifies a minimum quality standard. This may af-
fect the product to be produced on the CM-6/Specabo. A further restriction relates to 
the inner layer. Because water cannot be controlled independently, the inner layer 
may become slightly green if another machine is manufacturing green card-
board/lining paper. In order to avoid this, the restriction no green inner layer is im-
plemented. The company also specifies a minimal tonnage level in order to manufac-
ture efficiently.  
Some restrictions affect planning as well as transport. Most of these restric-
tions are related to the pallets, and more specifically to the pallet height, pallet for-
mat, and pallet weight. Planning must take into account of the machinery characteris-
tics, and transport is subject to the restrictions relating to vehicles and containers. 
These characteristics can be seen as properties of pallets, which produce several re-
strictions. Sheet dimensions (format) are closely related to the pallet format, and area 
planning restriction . The format and additional factors determine the number of 
stacks.  
Sometimes the production runs a particular test on a machine, which means 
that this time cannot be scheduled for production. The liquid percentage also deter-
mines planning restrictions. Normally, an order runs with a liquid percentage of 8%. 
However, other orders run on 7%. As a rule of thumb, some orders of 8% may also 
run on 7%. Thus, 7 and 8% orders, involve many exceptions that are difficult to as-
sess. 
The restriction same table refers to the fact that a cardboard machine usually 
has two tables on which sheets are placed. Some orders have to be processed on the 
same table, due to cut off length, or other considerations. 
The parameters production capacity and slack in the process are frequently 
mentioned. They indicate the ‘room for maneuver’ in the planning task at a given 
time. The production capacity indicates how many tones can be produced on a card-
board machine, and slack indicates the flexibility available within the process. 
Finally, we deal with two aspects that are related to planning restrictions . 
First: location dependent problems. This denotes the default types of pallet, the di-
ameter of the rolls on the paper machine, and water control for particular colors. Sec-
ond: the aspect check on availability is also related to planning restrictions . If, for 
example, the preferred lining paper is not available, the planner may choose to insert a 
 lining-paper run in the preferred grade, or use another grade. In this sense, check on 
availability has a strong influence on the performance of the mill -planning depart-
ment.  
Many restrictions therefore have to be taken into account within the com-
pany.  focuses on the planning restrictions. It is not a complete overview, 
but it shows the most dominant restrictions as derived from the verbal reports. 
Figure 38
 
5. Delivery time 
The delivery time has already been discussed in the context of the groundedness ap-
proach. For details, we refer to  at page 102. Figure 31
 
6. Product quality 
The figure below shows the codes related to product quality. 
 
 
Figure 39: Codes related to product quality 
 
Product quality is not directly related to activities in planning and scheduling domain. 
One would expect there to be no relation at all. However, in case of inferior quality, 
orders require partial replanning, but this also has other consequences. The codes 
production disapproval, blocked order, and pallet rejection indicate occasions on 
which the product quality of the product is inferior and it has to be remanufactured. 
Two product properties spread of liquid and smoothness have a direct impact on 
product quality. The other codes are associated with product quality. When 
CM6/Specabo applies, the customer demands products with low tolerance variances. 
The quality control is based on random checks of a number of sheets on a pallet. 7 
and 8% orders indicate that certain 8% orders may be produced with a liquid percent-
age of 7%; but not vice versa. The product requirements also have a direct impact on 
the product quality. The last-mentioned code, bad deckle versus bad product, indi-
cates the option of accepting high tolerances and inferior quality in the event of a high 
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 spread of liquid. From a planning point of view, therefore, the product quality code is 
not a very important one. It only influences the planning and scheduling indirectly. 
 
7. Pallet 
The next code with a high density is pallet.  shows this code relates to other 
codes. 
Figure 40
Figure 40: Codes related to a pallet 
 
 
The properties of the object pallet that we have noted are: pallet height, pallet format, 
pallet location, pallet weight, and pallet type. Pallet location has implications for the 
pallet type, which varies between the two production sites of Cabofa. In addition to 
standard pallet types (e.g. euro pallets; used in Germany in particular) the company 
mainly uses its own types of pallet, and each production site has a default pallet. 
The current information system determines pallet need by giving several pallet alter-
natives. Pallet need is determined by the pallet height and pallet format. It is a prop-
erty of order. When the pallet need has been determined, the company places a pallet 
order with the pallet supplier(s). If the quality of the product is inferior, the order in 
question will be remanufactured. In addition to remanufacturing, the planners place a 
new order for the corresponding pallet need, even if it is probable that the pallets are 
available at the production plant. An order therefore requires pallets, which are deliv-
ered by a pallet supplier. 
 
8. Run 
One of the key elements of the fine planning is the object run. This refers to combin-
ing orders of the same type in a particular production week. Fig s the co-





Figure 41: Codes related to a run 
 
The codes in Figure 41 denote the following. The run is constructed during the fine 
planning stage. An accepted production plan refers to a particular run. A run is some-
times allocated to another cardboard machine (exchange of machines) if the properties 
of the machines do not differ too greatly and the other machine has more production 
capacity available. 
The following are important properties for a run. First: an order has a particu-
lar liquid percentage (normally 7, or 8%). All the orders in a run have the same cali-
per. The density of the lining paper indicates the thickness and weight of the caliper. 
The second property considered is the run size. In order to produce efficiently, a run 
should have a minimal size value. This is an internal guideline for maximizing output. 
Minimum tonnage is a property that determines both the run and the order size. It can 
be considered as a lower limit of the run size. It should be noted that the minimum 
tonnage at the order level is lower than the minimum tonnage at the run level. 
 
In this section we have discussed the codes relating to density. A high density means 
that the code in question has many relationships to other codes. It need not be at the 
beginning or end of a chain, although most codes discussed here are at the beginning 
or end of a chain. In order to provide additional information, the next section contin-
ues with the domain view. 
 
 
5.2.3. The domain view 
The approaches based on results such as groundedness and density show a subset of 
the objects and their properties within the domain. An overall view of the domain, 
without restriction will be labeled the domain view. This view assumes that, within a 
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 domain, there are generally a restricted number of primitive objects, i.e. objects that 
cannot be subdivided (‘decomposed’) into other objects (Jorna et al. 1996). With this 
set of objects it is possible to model the whole domain. Some objects, called com-
posed objects, are not primitive and can be ‘decomposed’ into two or more primitive 
objects. An example of a composed object is a run, which is composed from order 
and machine.  
Within the domain view we use the following entities: (1) customer, (2) or-
der, (3) machine, (4) task, (5) inventory, (6) product, and (7) time.  shows 
the relationships in diagram form. 
Figure 42
Figure 42: Domain entities 
 
 
The meaning of the domain entities has already been discussed in section 5.2. Each 




Figure 43: Codes related to the ‘customer’ 





 The data reveals that e.g. Leitz is a customer. At an abstract level, customer restric-
tions can be made more explicit. One particular restriction may be a minimum quality 
standard, which the company meets by specifying that this customer’s orders must 
only be produced on a particular set of machines (e.g. CM6/Specabo). Each customer 
may have an individual set of restrictions. Customers are not specified in the schedul-
ing, but restrictions imposed on a particular customer can be taken into account if 
they related to a customer. 
 
2. Order 





The third object in the domain under consideration is machine.  shows how 
this object relates to other codes. 
Figure 44
Figure 44: Codes related to machine 
 
 
Cabofa has two types of machines: mill department and converting department ma-
chines. The mill department has cardboard and paper machines; the converting de-
partment polar, rotary cut, and die cut machines. The polar machine is not scheduled 
on a regular basis. Each type of machine has special properties that only exist for the 
class. They will be discussed briefly in section 5.3. 
Each machine has a production capacity, which is often measured in tones 
per time-unit. As we have seen above, the machine is one of the entities that deter-
mines the recipe. Finally, a production plan is drawn up for a particular machine. 
This is determined to a large extent by the planning width and deckle bench, which 
are codes used in constructing the production plan. Three of the four cardboard ma-
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Figure 45: Codes related to inventory 
 shows the codes related to inventory. 
 
 
Inventory is a difficult object, because it is a fixed planning element. However, it 
plays an important role in the planning and scheduling domain. We consider four 
types of inventories and one type of strategy for dealing with inventories. First, we 
will describe the types of inventory. 
Lining paper inventory consists of all lining paper available as input in the 
production process at the cardboard machine. Here, it should be noted that this inven-
tory includes both internal lining paper (produced by Cabofa) and external lining 
paper ordered from a supplier. The RCM-inventory is a ‘queue’ of non-customer spe-
cific product that can be used to cut small-format rush orders in the correct sheet di-
mensions. The first-choice inventory consists of all finished products that satisfy the 
company’s quality requirements, but has been rejected by the original customer. Se-
quence searching in inventory is a strategy for checking whether it is possible to de-
liver an order or set of orders from stock. It is related to the strategies that can be used 
during the plan construction stage. 
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 6. Product 
The next object we discuss from the domain is product.  shows how this 
object relates to other codes. 
Figure 46
Figure 46: Codes related to the product 
 
 
With respect to product, we will consider two properties: smoothness and product 
type. The available product types have already been discussed in Chapter 2, page 31. 
Here, we will summarize the product types: Green, Luxe, Board, Mono, Duo, Print, 
Screen, Darkgray, and unlaminated.  
Subgroups is a property of product type. It indicates that, during some of the 
stages, the planner must specify a code for the subgroup. The code is related to the 
product type and the caliper. From the point of view of functionality, this code is not 
very influential; it was mentioned by only one production planner (P3). 
Another property of product is smoothness. Depending on the product appli-
cation, it is an absolute restriction. For example, if the customer is a puzzle manufac-
turer, smoothness is an important property that should satisfy specified default values. 
A number of restrictions are related to the product.   shows the full 
range of restrictions. Because the focus is on the concept of planning and scheduling 
and not on detailed restrictions, this aspect has not been elaborated. The type of prod-
uct that is produced in a particular run is controlled by the recipe, which assigns a 




Another object in the domain view is time. It is an object, as abstract as the others, 
that assigns, for example a production plan to a time window. It is manipulated within 
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 the planning and scheduling domain, which explains the inclusion of time as an ob-
ject.  presents the entities related to time. Figure 47
Figure 47: Codes related to time 
 
 
We consider three levels of detail with respect to the time windows: shift, week, and 
date. Each of these is a particular class of time. 
A shift corresponds to the period of time that a team works in the factory. It is 
equal to 8 hours. This time window has often been used to produce an overview of the 
earliness, or lateness of orders in consecutive runs. A week corresponds to the calen-
dar weeks in a year. It is used to allocate orders within the time-window week before 
the detailed planning is released. It is usually used in the rough planning level. The 
date specifies the day when the product should be ready for loading, sending, or de-
livering. Thus, of these time windows, shift shows the greatest level of detail, and 
week the least, while date lies in between.  
The delivery time specifies the date (and possibly the time of day) on which 
the product must be ready for the customer. A detailed view of the delivery time is 
presented on page 102. The agreed delivery time determines four types of planning 
weeks. The first type, the planning week, indicates in which week the order in ques-
tion should be planned. The second type, the production week, is the week in which 
the order should be manufactured by the mill department. The third type, the convert-
ing week, is the week in which small format orders should be processed in the con-
verting department. Finally, the fourth type, the delivery week, is the week in which 
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the associated order should be delivered to the customer. These four types are special 
cases of the week entity.  
Another type of time is the throughput time, which indicates the time required 
to process a particular type order or run. In this sense, it is closely related to delivery 
time 
 
This concludes the detailed overview of the objects within the domain view. The do-
main view partly overlaps with the other views. However, taken overall, the three 
views are complementary. In the following section, we will discuss these results in 
more detail. 
 
5.2.4. Discussion of the qualitative data analysis 
In the previous sections we have analyzed the verbal reports using three sets of re-
sults. The main purpose is to gain insight into the most important entities within the 
mill-planning domain. 
The three approaches focus on different types of entities: 
• Groundedness has the strongest connection to the literal text in the verbal re-
ports. It indicates how many times a code is mentioned, based on the underly-
ing quotations. 
• Density involves greater interpretation because it emphasizes the number of 
relationships that exist between two or more codes. It is partly derived from 
the literal text, but it is also based on the knowledge gained by the researcher 
through analyzing the organization for a period of time. 
• The domain view uses ontology in order to relate the codes to objects that are 
often applied within the planning or scheduling domain. 
These differences also become clear if we compare the values of groundedness and 
density of the entities that have highest groundedness, density, or are considered in 
the domain view. Groundedness in particular is often zero for codes with a high den-
sity or codes that belong to the domain view. This does not imply that the planner 
does not consider them important, but rather that, in the coding process, these codes 
are represented on another level relating to codes that are directly related to the verbal 
text. 
The figures in the previous sections show entities on different aggregation 
levels. This is specific for the method: it shows the frequently mentioned and impor-
tant codes, without considering the level of aggregation. 
Despite the subjective elements, we conclude that the theoretical framework 
produced from the thinking aloud sessions, coding and defining relationships is an 
objective framework that can be tested by other researchers.  
 
The domain view uses an ontology of seven primitive objects, which is inspired by the 
framework proposed by Mietus et al. (1996), and van Wezel & Jorna (1999), known 
as the Scheduling Expertise Concept (SEC). Van Wezel and Jorna distinguish seven 
primitive singular object types: person, time, task, location, machine, product, and 
vehicle. They emphasize that their classification is not absolute. They also claim that, 
in most scheduling problems, two or more of these objects are used; it does not mean 
that all objects are available. The main differences between this and our classification 
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are the absence of the objects person, location, and vehicle, and the inclusion of the 
objects customer, order, and inventory. 
With respect to vehicle, this object may only be considered in the transport 
planning at Cabofa. Person only exists in staff planning; the SEC was applied in this 
area first. The case of location is more straightforward: we have modeled it as a prop-
erty of a machine. An order specifies a particular product for production on a ma-
chine. The location is not important from this planning point of view; it is simply the 
result of assigning an order to a particular machine.  
The object customer can be considered as a type of person. However, in our 
planning tasks we do not schedule by customer, but by order. 
The status of inventory is difficult. It could be argued that it is not an object 
because it is the result of over-production or production that is not based on a specific 
order. However, it plays an important role in planning and the amount of slack in the 
planning is for the most part determined by the selected minimum inventory level. 
Inventory has several definitions. From a practical point of view, inventory consists of 
all the finished products, both customer-specific and non-customer-specific, that are 
available in the warehouse.  
Our classification therefore differs from the classification proposed by Van 
Wezel and Jorna because the application domain is more concrete; their approach 
generally applies to the entire planning and scheduling domain. The domain view and 
the SEC-approach are examples of object-oriented frameworks. The fundamental 
ideas behind the object-oriented approach were presented in the previous chapter. The 
following section presents the object-oriented design used at the prototyping stage in 




5.3. Objects in the planning and scheduling domain 
In the previous sections, we have identified codes representing properties, tasks and 
events that are relevant within the planning and scheduling domain. The method did 
not consider differences in aggregation levels, but is restricted to showing relation-
ships between the codes, which are representations of views of planners within the 
verbal reports. The types of relationships are also discussed. 
Now that we have a complete view of the codes frequently mentioned within 
the domain, the next stage is to construct a hierarchical framework for the noted ob-
jects. The main purpose of this section is therefore to present such a framework for 
developing the Paperclip prototype.  
Some of the object properties in this section were not included in the figures 
of the previous sections. This is because the figures only present cross-sections of 
data. The data analyzed in Atlas/TI, shows the whole set of entities. 
The structure of the section is as follows. First, the main object structure is 
presented, which shows the relationships between the objects. The sections conclude 
with a detailed description of all the object properties, using a template in order to 
present them in a consistent way. This is used as a basis for developing the prototype. 
During the functional design of the prototype, several elements and model decisions 
relating to the object structure will be discussed. 
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s. 
The objects have a particular relationship to each oth  48 shows these 
relationship
er. Figure























 contains the objects also depicted in .  Figure 42
A run is a composed object of machine, product, and order. It consists of a 
set of orders of the same type of product to be manufactured on a particular machine. 
A run is not strongly related to time. Beginning with the construction of a run, the 
orders in question are all placed within a particular time window. However, conceptu-
ally, it is not necessary to link run and time. 
An order assigns product and time. The object customer is not planned di-
rectly within the domain, but can be considered as an additional table that describes 
the name, address and ZIP-code data. In this sense it is strongly related to order, al-
though it is considered as a distinct object. 
Finally, inventory is related to product. Although it is not planned directly, 
we consider it as a distinct object. Within the object structure we also show the child 
objects. For example, the child objects of inventory are RCM-inventory, lining paper 
inventory, free inventory and first choice inventory. These child objects and their 
properties are discussed in more detail further on in this section. 
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Having outlined the object structure, we will present the objects in a tem-
plate. The template contains a description, the planning the object is attuned to, attrib-
utes, and the child or parent objects. The description simply shows the purpose of the 
object. The attuned in planning shows the type of planning in which properties of the 
considered object are manipulated. The attributes just show some properties used in 
the planning tasks. The child, or parent objects show the hierarchical structure of the 
objects. The template format presents the objects without any additional comment. 




Description: The means of production used to manufacture an order. 










The amount of product that can be produced within a 
given time window. 
An attribute that denotes the production site (Lake Site, 
Sand Site, or Specabo). 
The speed at which the machine processes input 
The week in which the inputs will be produced. The 
production week is usually one or more weeks before the 
delivery week, although this is not strictly necessary. 
Parent object:  




CARDBOARD MACHINE (CM) 
Description: The means of production used to manufacture cardboard 
sheets. 
Attuned planning: Rough planning CM (6b, 6c),  external production by 
Specabo (6d), fine planning CM (7b, 7c),  rough plan-
ning for die-cutting machine (6a1a), rough planning for 
rotary cutting machine (6a2a). 
Attributes: 
Planning width: 











Indicates how the orders can be planned side-by–side. 
The number of knives available in the production flows. 
N.B. the number of sheets on the machine is equal to the 
number of slitter knives minus 1. 
Indicates how many different cut-off lengths can be cut 
simultaneously on the cardboard machine. 
Maximum dimensions of the cardboard sheet that can be 
processed on the cardboard machine. Constraints depend 
on the number of knives and the knife properties. 
Minimum dimensions of the cardboard sheet that can be 
processed on the cardboard machine. This constraint is 
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Max pallet height: 
 
Min pallet height: 
Max density 
  inner layer: 
necessary because of tolerance ranges. 
Maximum height of sheets on pallet; depends on the 
wrapping line, among other things. 
Minimum height of sheets on pallet. 
Restriction, derived from max. processing capacity for 
substance on the cardboard path. Processing is not possi-
ble above a certain value. 
Parent object: MACHINE. 





Description: Types of product that can be ordered by the customer, 
specified by caliper, color, and material properties. 
Attuned planning: Rough planning CM (6b, 6c), external production by 
Specabo (6d), fine planning PM (8b), purchasing of 




















Parameter indicating the thickness of the cardboard sheet 
(usually between 0.8 and 4.0 mm). 
Between 7 and 8%. 
 
Most types of product do not require additives. Puzzle-
green and DarkGray have green and dark gray color 
added. 
If the customer demands laminated cardboard, the inner 
layer is laminated with lining paper. Several types of 
lining paper can be used. Internal lining paper only var-
ies in density. Lining paper purchased externally is used 
for Screen, Print, Mono and Duo. The laminating scheme 
changes frequently.  
Laminated cardboard has three layers: an inner layer and 
two laminating layers. The laminating layers use lining 
paper. The weight of both the inner layer and the lining 
paper can be varied for a particular caliper.  
Parent object:  





Description: The time scale used during the planning stages.  




Planning horizon.  
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Parent object:  




Description: The calendar week in which the cardboard is delivered to 
the customer. 
Attuned planning: Bucket system CM and converting department (4a, 4b), 
rough planning CM (6b, 6c), rough planning for die-







Week in which cardboard is delivered to customer. 
Week in which cardboard is produced on cardboard ma-
chine. 
Week in which cardboard is produced on converting 
department (final processing, die-cutting, or rotary cut-
ting). 
Parent object: TIME. 




Description: Specification of order delivery to customer. 
Attuned planning: External production by Specabo (6d), fine planning CM 
(7b, 7c), fine planning PM (8b), external purchasing of 
lining paper (8c), fine planning for die-cutting (7a1a), 
fine planning for rotary cutting (7a2x), outsourcing of 








Type of delivery 
time: 
 
Date on which the order is loaded in the warehouse and 
sent to the customer. 
Date on which order is delivered at the customer’s ad-
dress. 
Morning, afternoon, evening. 
Delivery details. 
{customer order, run, internal/external lining paper roll}. 
Parent object: DELIVERY WEEK. 




Description: Customer order data required for planning . 




Name/address/ZIP code of customer. 




Type of product: 
 























Week agreed with customer for delivery. 
Dummy, to assess whether the order needs converting 
activities. 
Type of product ordered (see object PRODUCT for spe-
cific properties). 
Differentiate orders at buyers’ option, on delivery date 
and called orders.  
Feed direction of paper: long grain (LG), short grain 
(SG), or free choice. 
Height of sheets on pallets as specified by customer be-
cause of physical restrictions of customer’s machinery. 
Pallet weight specified by customer. 
Type of pallet required (depends on production site and 
application for which customer requires the cardboard). 
Required pallet dimensions (may differ from dimensions 
of large sheets or arrangement of small sheets on pallet). 
Specifies the amount of sheets on a pallet. 
Details of how small sheets are to be placed on pallet. 
Generally, the customer specifies the stacking. The con-
verting planner may modify it. 
No. of pallets required to hold all sheets of a customer 
order. Usually determined at the fine planning stage.. 
Indicates whether special conditions apply to the order 
Indicates the progress of the order. Order statuses: {ac-
cepted, planned, manufacturing CM, blocked (for quality 
controls), manufacturing CD, ready CM, ready CD, in 
warehouse, loaded, delivered}.  
Certain orders have quality specifications aspects that 
can only be met by the cardboard machines of CM-6 and 
Specabo. 
Parent object:  




SMALL FORMAT ORDER 
Description: Customer order data about small sheets necessary within 
the planning process. 
Attuned planning: Rough planning CM (6b, 6c), external production by 
Specabo (6d), rough planning for die-cutting (6a1a), 
rough planning for rotary cutting (6a2a), fine planning 
for die-cutting (7a1a), fine planning for rotary cutting 
(7a2x), outsourcing of die-cutting (7a1b), outsourcing of 




The large format dimensions selected according to the 





dimensions of the small format. The large sheet is used 
to cut the small sheets required. 
The small sheet dimensions as specified by the customer. 
Amount of cardboard ordered (small sheets). 
Parent object: ORDER. 
Child objects:  
 
 
LARGE FORMAT ORDER 
Description: Order data about large sheets required for the planning 
process 
Attuned planning: Bucket system CM (4b), rough planning CM (6b, 6c), 







Dimension of large sheet on cardboard machine (length 
× width). 
Amount of cardboard ordered (in large sheets, or tonnes). 
Parent object: ORDER. 




Description: Collection of orders with same PRODUCT, same liquid 
percentage, same production week, and same MA-
CHINE (cardboard or paper machine). 













Number referring to articles with the same PRODUCT, 
same liquid percentage, and same MACHINE (“aggre-
gated” attribute). 
Week in which the run is manufactured. 
Day on which the run is manufactured on the machine 
(important for rush orders). 
Detailed planning of run schedule. A shift is a time win-
dow of 8 hours. The first shift starts Monday at 6.00 AM.  
Calculated amount of lining paper necessary to laminate 
the run with the demanded lining paper (in density). Size 
of the run in tones. 
Parent object:  




Description: Collection of orders with the same PRODUCT, same 
liquid percentage, same production week, same lami-
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nation scheme, and same CARDBOARD MACHINE. 
Attuned planning: Rough planning CM (6b, 6c), fine planning CM (7b, 7c), 











Selection of orders that satisfy the following criteria::  
a.) same recipe 
b.) delivery week is the same, or later as the production 
week. 
Pattern which covers order i in the run. 
Calculated amount of lining paper necessary to laminate 
the run with the demanded lining paper (in density). Size 
of the run in tones. 
Parent object: RUN. 
Child objects:  
Relationship to other 
objects: 




LINING PAPER RUN 
Description: Amount of lining paper with the same properties 





Number that refers to the type of lining paper. 
Parent object: RUN. 
Child objects:  
Relationship to other 
objects: 




PAPER MACHINE (PM) 
Description: Means of production to manufacture the required lining 
paper as input. 





Diameter on which the lining-paper roll is produced. 
Parent object: MACHINE. 




Description: Means of production for performing converting activi-
ties. 
Attributes:  
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Max large format: 
 
Min large format: 
 
Max pallet height: 
Maximum size of large sheet that can be processed on 
converting machine. 
Minimum size of large sheet that can be processed on 
converting machine. 
Maximum pallet height for order processing on convert-
ing machine.  
Parent object: MACHINE. 




DIE-CUTTING MACHINE (DCM) 
Description: Means of production for punching small sheets from 
large sheets. 
Attuned planning: Rough planning for die-cutting (6a1a), fine planning for 






Shape of the rounded corner. 
 
A punch shape is required in order to punch the orders . 
It is a plate with holes in the required shape of the small 
sheets. Punch shapes are usually customer-specific. 
Parent object: CONVERTING MACHINE. 
Child objects: INTERNAL, MOORMAN, ALPHENAAR. 
 
 
ROTARY CUTTING MACHINE (RCM) 
Description: Means of production for cutting small sheets from large 
sheets. 
Attuned planning: Rough planning for rotary cutting (6a2a), fine planning 





Min rim cut: 
 
Max rim cut: 
 
No. of small sheets that can be cut from a large sheet 
(e.g.: 3x4; 3 ‘horizontal’ and 4 ‘vertical’ small sheets). 
Minimum space between small sheets and the outside 
edge of large sheets. 
Maximum space between small sheets and the outside 
edge of large sheets.  
Parent object: CONVERTING MACHINE. 




LINING PAPER INVENTORY 
Description: Quantity of lining paper in a particular grade that is 
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available in the warehouse. 










Combination of inner-layer density, lining-paper density 
and liquid percentage. 
Cabofa produces three types of lining paper (default, 
green and dark gray) with two corresponding liquid per-
centages, such that final product has a liquid percentage 
of 7 or 8% respectively. 
Quantity of a particular type of lining paper available . 
Parent object:  
Child objects:  
Relationship to other 
objects 




The verbal reports provided insight into the entities that are important according to 
the production planners. This information, combined with the experience gained dur-
ing the research, has evolved into the hierarchical object structure presented in this 





We have explored the tasks and domain at a very detailed level. In order to analyze 
the tasks and domain we used the following research process. First, in Chapter 3, we 
presented the methodology applied for defining the tasks and domain. In order to 
obtain the knowledge from the production planners, we used the commonKADS 
framework, which distinguishes between task knowledge, inference knowledge and 
domain knowledge.  
Chapter 4 focused on the task and inference knowledge by analyzing the 
planning tasks in a systematic way. The present chapter (Chapter 5) focused on the 
domain knowledge level. The domain knowledge reveals which entities are frequently 
manipulated within a planning task. Based on verbal reports that are the result of 
thinking-aloud sessions with the individual production planners, we discuss these 
frequently manipulated entities. We applied three different results from the various 
methodologies: groundedness, density, and the domain view. Groundedness has the 
strongest connection to the literal text, while density emphasized the relationships 
between the entities. The relationships are derived from the text, although they are 
also determined to a large extent by the experience and bias of opinion of the re-
searcher. Finally, the domain view represents an ontology of commonly accepted 
primitive objects that exist in the planning and scheduling domain. We have expanded 
our view on domain knowledge, based on the codes derived from the verbal reports 
and assigned relationships. 
These three results gave a good overview of the most frequently mentioned 
and important entities. However, one of the disadvantages of the method used is the 
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difference in the aggregation levels of related entities. In order to obtain a clean 
framework representing the entities at the correct abstraction level, we have projected 
the entities in an object-oriented framework, where they are presented hierarchically.  
An object usually has attributes representing several properties that are 
closely related to it. The production planners manipulate these attributes. For exam-
ple, cardboard machine has the attributes planning width and deckle bench. The 
deckle bench is maximized in accordance with the physical restrictions of the card-
board machine, in this case the planning width. 
  
We therefore now have an adequate overview of the task knowledge and domain 
knowledge. The foundations for the development of the prototype are available. It is 
time to enter the prototyping stage, which will be discussed in the next chapter. 
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